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AQUAPONICS SYSTEM

FIELD

This application relates generally to agriculture, and more
particularly to systems (e.g., apparatuses, or the like) and
methods for growing vegetation 1n both large and small scale
hydroponic and/or aquaponic configurations.

BACKGROUND

Aquaponics 1s a vegetation (e.g., vegetables, herbs,
spices, lruits, grasses, flowers, plants, or any other type of
editable or non-editable vegetation) production system that
combines supporting aquatic orgamisms (€.g., raising fish,
snails, craylish, prawns, or other like organisms 1n tanks) in
aquaculture system with a hydroponic system (e.g., culti-
vating plants 1n water outside of the ground) 1n a symbiotic
environment. The by-products (e.g., excretions and waste)
from the amimals being raised accumulate in tank, which
increases the toxicity of the water in the tanks. The by-
products are broken down by nitrogen-fixing bacteria into
nitrates and nitrites, and the water 1s fed to the hydroponic
systems where plants use the nitrates and nitrites as nutri-
ents. The water 1s then recirculated back to the aquaculture
system. Plants are grown as in hydroponics systems, with
their roots immersed 1n the nutrient-rich water. These sys-
tems working together enable the ammonia that 1s toxic to
the aquatic animals to be filtered out of the system, while at
the same time providing nutrients to the plants. After the
water has passed through the hydroponic subsystem, 1t 1s
cleaned and oxygenated, and can return to the aquaculture
tanks. This cycle 1s continuous.

As existing hydroponic and aquaculture farming tech-
niques form the basis for all aquaponics systems, the size,
complexity, and types of vegetation grown 1n an aquaponics
systems can vary as much as any system found in either
distinct farming discipline. Not all existing systems of
aquaponics can be satistactorily applied to indoor large
and/or small scale use. Issues such as appearance, humidity,
where the water 1s routed 1f a leak occurs, and adaptability
for farming different types of vegetation are all consider-
ations for indoor systems. The present mvention addresses
these needs by providing an aquaponics system that allows
tor the production of various types of vegetation, 1n various
scales, and 1n various locations.

BRIEF SUMMARY

Embodiments of the invention are directed to systems
(c.g., apparatuses) and methods for growing vegetation
and/or support aquatic organisms, the system includes a pole
assembly comprising one or more hydroponic assembly
coupling locations, an aquaculture assembly comprising a
water supply operatively coupled to the pole assembly; and
one or more hydroponic assemblies. Each of the one or more
hydroponic assemblies comprises a grow pan. The one or
more hydroponic assemblies are operatively coupled to the
pole assembly at the one or more hydroponic assembly
coupling locations. The grow pan comprises a perimeter
wall and receives water from the pole assembly adjacent a
first portion of the perimeter wall, transfers the water to
adjacent a second portion of the perimeter wall, and there-
alter transfers the water back to the pole assembly. In some
embodiments, the grow pan comprises an mner wall, and
outer wall, and side walls, and the grow pan receives water
from the pole assembly, transfers the water to adjacent the
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outer wall, and thereatfter the water 1s transferred back to the
pole assembly. The tlow of water through the pan allows the
water to travel over seeds or roots of vegetation.

In some embodiments, the pole assembly comprises a
pole and the one or more hydroponic assembly coupling
locations comprise one or more pole cups operatively
coupled to the pole, and wherein the one or more hydroponic
assemblies are operatively coupled to the one or more pole
cups. In some embodiments, one or more pole cups atlixed
to the pole 1n a vertical orientation. In some embodiments,
the aquaculture assembly comprises a tank having a pole
anchor located therein, where the pole anchor 1s configured
to receive a bottom portion of the pole, and a plurality of
struts configured to stabilize the pole within the tank.

In some embodiments, the hydroponic assembly com-
prises one or more grow pans, wherein the one or more grow
pans are operatively coupled with the pole assembly, and a
tray operatively coupled at least one grow pan.

In some embodiments, the grow pan has a plurality of
protrusions extending upward from the base of the grow pan.

In some embodiments, at least one of the one or more
hydroponic assemblies comprises a tray operatively coupled
to the grow pan.

In some embodiments, the tray comprises a first member
and a second member that are operatively coupled with one
another, wherein when the first member and the second
member are operatively coupled with one another a plurality
of tray channels are created within the tray, and wherein the
first member and the second member may be dissembled to
remove vegetation from the tray.

In some embodiments, the grow pan further comprises
rails, wherein the tray 1s positioned along the rails, and
wherein the tray 1s configured to slide along the rails to
deliver water to the tray or grow pan 1n at least two positions.

In some embodiments, the tray 1s configured to slide along,
the rails to deliver water to the tray or grow pan, wherein in
a first position water i1s delivered to the tray and subse-
quently dispersed from the tray to the grow pan, wherein 1n
a second position water 1s delivered only to the grow pan,
and wherein 1n a third position water 1s simultaneously
delivered to both the tray and the grow pan.

In some embodiments, the perimeter wall comprises an
inner wall, and outer wall, and side walls, and the water 1s
transterred from the pole assembly adjacent the inner wall to
adjacent the outer wall, and thereafter transferred back to the
pole assembly adjacent the inner wall.

In some embodiments, channels are created between the
side rails and the side walls of the grow pan, wherein the
channels run from adjacent the outer wall and lead to
openings in the mner wall of the grow pan, and wherein a
base of the grow pan 1s sloped towards the outer wall such
that the water flows along the base of the grow pan to
adjacent the outer wall and back towards the pole assembly
through the channels and exits the grow pan via the openings
in the mnner wall of the grow pan.

In some embodiments, channels are created between the
side rails and the side walls of the grow pan, wherein the
channels are sloped towards the outer wall, and wherein a
base of the grow pan is sloped towards the pole assembly
such that the water flows down the channels into the base of
the grow pan adjacent the outer wall and back towards the
pole assembly through the base of the gown pan and exits
the grow pan via an opening in the mner wall of the grow
pan.

In some embodiments, the aquaculture assembly com-
prises a tank having a pole anchor located therein, wherein
the pole anchor 1s configured to receive a bottom portion of
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the pole, a plurality of struts configured to stabilize the pole
within the tank, and at least one tank cover positioned at an
opening of the tank.

In some embodiments, the aquaponics system comprises
one or more spouts, wherein each of the one or more spouts
are configured to deliver water from the pole assembly to
cach of the one or more hydroponic assemblies.

In some embodiments, the pole assembly further com-
prises a tube within the pole assembly, a pole cap operatively
coupled to the tube and the pole assembly and comprising
one or more exit slots, and wherein the water exits the pole
assembly via the one or more exit slots, and wherein the pole
cap increases water pressure within the tube.

In some embodiments, the one or more pole cups com-
prise an upper tier and a lower tier, and wherein the lower
tier comprises one or more blades located between an outer
surface of the pole and an mner surface of the lower tier. In
some embodiments, the blades are sloped at an angle and
configured to control the rate of water flow as water exits the
lower tier of the pole cup.

In some embodiments, the one or more struts comprise a
first end and a second end, wherein one of the one or more
hydroponic assembly coupling locations 1s a pole cup, and
wherein the first end 1s coupled to the pole cup and the
second end 1s coupled with a ridge on an outer perimeter of
the tank.

In some embodiments, the aquaponics system further
comprises a pump and configured to pump water throughout
the pole assembly.

In some embodiments, the pole anchor comprises a pole
anchor access notch, and the bottom portion of the pole
comprises a pole access notch, and wherein the pole anchor
access notch 1s aligned with the pole access notch when the
pole 1s recerved 1n a recess of the pole anchor such that the
tube may pass through the access notches and be positioned
within the interior of the pole.

In some embodiments, the pole assembly comprises a
pole and the one or more hydroponic assembly coupling
locations comprise one or more exit slots, wherein the grow
pan ol each of the one or more hydroponic assemblies are
configured to be coupled with the pole via msertion into the
exit slots, and wherein water flows directly from the pole
into the grow pan.

Another embodiment of the invention comprises a system
for growing vegetation. The system comprises a pole assem-
bly comprising one or more hydroponic assembly coupling
locations, an aquaculture assembly comprising a water sup-
ply operatively coupled to the pole assembly, and one or
more hydroponic assemblies. Each of the one or more
hydroponic assemblies comprises a grow pan, wherein the
one or more hydroponic assemblies are operatively coupled
to the pole assembly at the one or more hydroponic assembly
coupling locations. The grow pan comprises an mner wall,
and outer wall, and side walls and receives water from the
pole assembly, transfers the water to adjacent the outer wall,
and thereafter transiers the water back to the pole assembly.
The flow of water through the pan allows the water to travel
over seeds or roots of vegetation.

Another embodiment of the invention comprises an aqua-
ponics system for growing vegetation. The aquaponics sys-
tem comprises a pole assembly comprising a pole having
one or more pole cups athxed to the pole mn a vertical
orientation. The aquaponics system further comprises an
aquaculture assembly comprising a tank having a pole
anchor located therein, wherein the pole anchor 1s config-
ured to receive a bottom portion of the pole. The aquaponics
also comprises a plurality of struts configured to stabilize the
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pole within the tank. Moreover, the aquaponics system
comprises a hydroponic assembly comprising one or more
grow pans, wherein the one or more grow pans are opera-
tively coupled with the pole assembly, and a tray 1s opera-
tively coupled at least one grow pan.

To the accomplishment the foregoing, the one or more
embodiments comprise the features hereinafter described
and particularly pointed out in the claims. The following
description and the annexed drawings set forth certain
illustrative features of the one or more embodiments. These
features are indicative, however, of but a few of the various
ways 1in which the principles of various embodiments may
be employed, and this description 1s mntended to include all

such embodiments and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described embodiments of the mvention 1n
general terms, reference will now be made to the accompa-
nying drawings, where:

FIG. 1 depicts a perspective 1llustration of an aquaponics
system, 1n accordance with one embodiment of the inven-
tion;

FIG. 2 depicts a perspective view of a tank as illustrated
in FIG. 1, 1n accordance with one embodiment of the
invention;

FIG. 3 depicts a perspective view of a tank as 1llustrated
in FIG. 1, 1n accordance with one embodiment of the
imnvention;

FIG. 4 depicts a perspective view ol a strut as illustrated
in FIG. 1, 1n accordance with one embodiment of the
invention;

FIG. § depicts a perspective view of a tank cover as
illustrated 1n FIG. 1, 1n accordance with one embodiment of
the invention;

FIG. 6 depicts a perspective view of an aquaculture
assembly as 1llustrated 1n FIG. 1, 1n accordance with one
embodiment of the invention;

FIG. 7 depicts a side view of the aquaculture assembly of
FIG. 6, in accordance with one embodiment of the inven-
tion;

FIG. 8 depicts a perspective view of an aquaculture
assembly, 1n accordance with one embodiment of the inven-
tion;

FIG. 9 depicts a perspective view of a pole as illustrated
in FIG. 1, in accordance with one embodiment of the
invention;

FIG. 10 depicts a perspective view of the bottom of a pole
as 1llustrated in FIG. 9, 1n accordance with one embodiment
of the invention;

FIG. 11 depicts a perspective view of the top of a pole as
illustrated 1n FIG. 9, 1n accordance with one embodiment of
the invention;

FIG. 12 depicts a side view of a pole cap as 1llustrated 1n
FIG. 1, 1n accordance with one embodiment of the inven-
tion;

FIG. 13A depicts a perspective view of a pole assembly
and a hydroponic assembly as illustrated in FIG. 1, 1n
accordance with one embodiment of the invention;

FIG. 13B depicts a perspective view of a pole assembly
and a hydroponic assembly as illustrated in FIG. 1, 1n
accordance with one embodiment of the invention:

FIG. 13C depicts a perspective view of a pole assembly
and a hydroponic assembly as illustrated in FIG. 1, 1n
accordance with one embodiment of the invention:
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FIG. 13D depicts a perspective view of a pole assembly
and a hydroponic assembly as illustrated n FIG. 1, 1n
accordance with one embodiment of the invention;

FIG. 13E depicts a perspective view of a pole assembly
and a hydroponic assembly as illustrated in FIG. 1, 1n
accordance with one embodiment of the invention;

FIG. 14 depicts a partial cross-sectional side view of a
pole assembly as illustrated 1n FIG. 1, 1n accordance with
one embodiment of the invention;

FIG. 15 depicts a top side view of a pan as illustrated in
FIG. 1, 1n accordance with one embodiment of the inven-
tion;

FIG. 16 depicts a bottom perspective side view of a pan
as 1llustrated in FIG. 1, 1n accordance with one embodiment
of the invention;

FIG. 17 A depicts a perspective view ol a pan as 1llustrated
in FIG. 1, in accordance with one embodiment of the
invention;

FIG. 17B depicts a pole assembly and a hydroponic
assembly, 1n accordance with one embodiment of the inven-
tion;

FIG. 18 A depicts a perspective view of a pan as illustrated
in FIG. 1, in accordance with one embodiment of the
invention;

FIG. 18B depicts a pole assembly and a hydroponic
assembly, 1n accordance with one embodiment of the inven-
tion;

FIG. 19 depicts a pole assembly and a hydroponic assem-
bly, 1n accordance with one embodiment of the invention;

FI1G. 20 depicts a pole assembly and a hydroponic assem-
bly, 1n accordance with one embodiment of the invention;

FIG. 21 depicts a pole assembly and a hydroponic assem-
bly, 1n accordance with one embodiment of the invention;

FIG. 22 depicts a hydroponic assembly, 1n accordance
with one embodiment of the invention;

FIG. 23 depicts a hydroponic assembly, 1n accordance
with one embodiment of the invention;

FIG. 24 depicts a hydroponic assembly, 1n accordance
with one embodiment of the invention;

FIG. 25 depicts a perspective view of a tray as 1llustrated
in FIG. 1, 1n accordance with one embodiment of the
invention;

FIG. 26 depicts a perspective view ol a tray member as
illustrated 1n FIG. 25, in accordance with one embodiment
of the invention;

FIG. 27 depicts a perspective view of a tray member as
illustrated 1n FIG. 25, in accordance with one embodiment
of the invention;

FI1G. 28 depicts a front side perspective view of a spout as
illustrated 1n FIG. 1, 1n accordance with one embodiment of
the invention;

FI1G. 29 depicts a rear side perspective view of a spout as
illustrated 1n FIG. 1, in accordance with one embodiment of
the invention;

FIG. 30 depicts a pole assembly and a hydroponic assem-
bly, 1n accordance with one embodiment of the invention;

FIG. 31 depicts a perspective view of a portion of an
aquaponics system, 1n accordance with one embodiment of
the 1nvention;

FIG. 32 depicts a method of assembling the aquaponics
system, 1n accordance with one embodiment of the mven-
tion;

FIG. 33 depicts a method of utilizing the aquaponics
system, 1n accordance with one embodiment of the mnven-
tion; and

FI1G. 34 depicts a flow diagram 1llustrating how aquapon-
ics systems work.
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DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Embodiments of the present mvention now may be
described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all,
embodiments of the invention are shown. Indeed, the inven-
tion may be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this
disclosure may satisiy applicable legal requirements. Like
numbers refer to like elements throughout.

FIGS. 1-30 illustrate embodiments of the aquaponics
system 1, and the various components thereof. As 1llustrated
in FIG. 1, the aquaponics system 1 comprises, in general,
three assemblies: 1) an aquaculture assembly 100 and 2) one
or more hydroponic assemblies 200 operatively coupled
with the aquaculture assembly 100 via 3) a pole assembly
300. The various assemblies, and components thereof, of the
aquaponics system 1 of FIG. 1 are illustrated 1n FIGS. 2-31
and described 1n further detail throughout this specification.
In general, the aquaculture assembly 100 1s located at the
base of the aquaponics system 1 and 1s configured for
housing aquatic creatures in a controlled marine environ-
ment.

The aquaculture system 10 may comprise a tank 101
having a base plate 107 positioned at the bottom of the tank
101, and one or more tank covers 114 positioned at the
opening of the tank 101. The pole assembly 300 1s at least
partially submerged 1n the tank 101 and extends generally
vertically from the base plate 107 of the tank 101 1n an
upright orientation. The pole assembly 300 (or additional
components within) 1s configured for supplying water from
the aquaculture assembly 100 to the hydroponic assemblies
200, and 1s further configured to control the flow of water as
it dispenses to and from the hydroponic assemblies 200, and
therealter returns to the aquaculture assembly 100.

The pole assembly 300 may comprise a pole 301, a
plurality of pole cups 305 located vertically along the pole
301, and a pole cap 312 or one or more openings 304
positioned at the top of the pole 301. The hydroponic
assemblies 200 may be operatively coupled to the pole
assembly 300 and configured for housing plants 1n a con-
trolled growing environment wherein the hydroponic assem-
blies 200 may receive water from the pole assembly 300 via
a plurality of spouts 400 or various other means described 1n
turther detail later. The pole assembly may further comprise
one or more hydroponic assembly locations located verti-
cally about the pole and configured to receive the hydro-
ponic assemblies 200. In a preferred embodiment, the pole
cups 305 function as hydroponic assembly coupling loca-
tions; however, 1n other embodiments, the pole 301 1tself
may be a hydroponic assembly coupling location such that
the hydroponic assemblies 200 may be operatively coupled
with the pole assembly 300 at any location and in any
orientation about the vertical axis of the pole 301 using
various couplings mechanisms (e.g., slotted holes through
the pole and a tab or hook on the pan, an apron or lip on the
pole and a tab or hook on the pan, slots or groves on the
surface of the pole and a projection on that pan that slides
within the slots or grooves, or any other type of coupling).

The hydroponic assemblies 200 may comprise one or
more pans 201 wherein the pans 201 may optionally have a
tray 213 operatively coupled to the pans 201, which may be
deposited within the pans 201, located on top of the pans
201, span an opening in the pans 201, or otherwise be
attached to the pans 201. In some embodiments, the aqua-
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ponics system 1 may include an optional tube (not 1illus-
trated) located within the pole 301 to supply water from the
aquaculture assembly 100, throughout the pole 301, and to
the hydroponic assemblies 200.

With respect to FIG. 1, and as discussed in further detail
throughout this specification water 1s pumped up through the
pole 301 (e.g., a tube within the pole 301 or through the pole
301 1itsell) and exits the pole cap 312 or one or more
openings 304 at or near the top of the pole 301. The water
flows down the outside surface of the pole 301 and is
diverted by the spouts 400, which direct the water from the
outside surface of the pole 301 to the pans 201 and/or trays
215. As will be discussed 1n further detail later the water will
either tlow 1nto the tray 215 and then into the back of the pan
201, or flow directly 1nto the back of the pan 201 in order to
provide a continuous stream of water to the plants in the
pans 201 and/or trays 215. The water on the bottom of the
pan 201 then flows back to the pole 301 and/or cup 305 and
1s collected 1n a second cup 305 located vertically below the
first cup 305. The cup 3035 funnels the water back to the
outside surface of the pole 301 for delivery to a second pan
201 and/or tray 215 located below the first pan 201 and/or
tray 215. The water then tlows back to the tank 101 and the
process begins again.

FIGS. 2 through 8 illustrate the aquaculture assembly 100
and i1ts components 1n accordance with one embodiment of
the invention. As illustrated in FIGS. 2 through 8 the
aquaculture assembly 100 comprises a tank 101 having a
base plate 107 adjacent to the bottom of the tank 101, and
one or more tank covers 114 adjacent to the opening 103 of
the tank 101, wherein the tank covers 114 may be positioned
at or above an outer perimeter of the tank 101 using a
plurality of struts 120.

As 1llustrated 1 FIGS. 2 through 3, the tank 101 may be
defined by a cylindrical reservoir that has a base 102, an
opening 103, and a perimeter wall 104. The outer perimeter
of the base 102 may be adjacent to bottom edge of the
perimeter wall 104 such that the opening 103 1s defined by
a recess formed therein. The opening 103 may further have
an outermost perimeter 105 that 1s defined by the top edge
of the perimeter wall 104 of the tank 101. The tank 101 may
additionally comprise one or more ridges 106 that extend
outwardly from the perimeter 105 of the tank opening 103
such that the ridges 106 are configured for receiving at least
a portion of the struts 120 to stabilize the pole 301 within the
tank 101. For example, as shown in FIG. 2 and FIG. 3, the
tank 101 may comprise three (3) ridges 106 that are equally
distanced from one another, along the perimeter 105 of the
tank opening 103, and slightly extend outward beyond the
perimeter wall of the tank 101c¢. As 1llustrated in FIG. 1 and
FIG. 7, the ridges 106 are configured to receive at least three
(3) struts 120, where one (1) strut 120 1s operatively coupled
with one (1) corresponding ridge 106. It should be noted that
although 1n some embodiments the tank 101 1s defined by a
cylindrical shape, the tank 101 may be embodied by other
shapes that are illustrated and are not illustrated herein,
including but not limited to, cubed, rectangular, trapezoidal,
and/or organic or ameba shapes. In said embodiments, the
tank 101 may have a plurality of perimeter walls as opposed
to the one continuous perimeter wall 104 shown in the
illustrated embodiments. For example, as shown in FIG. 8,
the tank 101 may be rectangular in shape such that it
comprises four (4) perimeter walls and four (4) correspond-
ing tank ridges configured to receive struts 120 and stabilize
the pole assembly 300 within the tank 101. It should be
understood that any size and shape may be utilized for the
tank 101 within the aquaponics system 1. As further illus-
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trated 1n FIG. 8, 1n some embodiments, the struts 120 may
be adjustable to accommodate a variety of tank 101 shapes.
In such an embodiment, the struts 120 may be embodied by
two mdividual members that can be coupled with each other
using a fastener 120a and/or another coupling mechanism.
In this way the struts 120 may be retractable and/or extend-
able based on the size of the tank. In some embodiments, the
system may use a combination of static (one size) and
dynamic (retractable and/or extendable) struts 120.

As further illustrated in FIGS. 2 through 8, the base plate
107 may be positioned adjacent to the base 102 of the tank
101 such that the base plate 107 rests above the base 102 of
the tank 101. The base plate 107 may be defined by a circular
shaped plate that comprises a pole anchor 108 that extends
upwardly from the center of the base plate 107. In other
embodiments, the base plate 107 may be of a thickness that
allows the pole anchor 108 to extend inwardly into the base
plate 107. In one embodiment, the base plate 107 1s a plate
that 1s removably coupled with the base 102 of the tank, and
in another embodiment, the base plate 107 1s integral within
the base 102 of the tank 101 1tself. The pole anchor 108 may
be operatively coupled with the base plate 107 (e.g., glued,
locked into place, formed integrally within, or otherwise
secured to the base plate 107). As shown 1n FIG. 2 and FIG.
3, the base plate 107 may reflect the shape of the tank 101
such that in other embodiments the base plate 107 may be
embodied by other shapes not illustrated herein, including
but not limited to, cubed, rectangular, trapezoidal, and/or
organic or ameba shapes. Additionally, in other embodi-
ments, the base plate 107 may be defined by a shape that 1s
different from the shape of the tank 101. For example, a
rectangular tank 101 may comprise a circular base plate 107
therein.

The pole anchor 108 within the base plate 107 may be
defined by a recess 109, an access notch 110, an inner wall
111, an outer wall 112, and/or a top edge 113. The recess 109
may be centered in the middle of the pole anchor 108 and
configured for receiving the bottom of a pole 301 such that
the pole 301 1s stabilized 1n an upright position after being
placed mto the recess 109. To this extent, the shape and size
of the recess 109 may be defined by the mnner wall 111 of the
pole anchor 108 such that 1t reflects the shape of the pole
301. Additionally, the pole anchor 108 may have an access
notch 110 that extends from the inner wall of the pole anchor
111 to the outer wall of the pole anchor 112. The access
notch 110 may allow for an optional tube to pass through the
pole anchor 108 and be redirected 1nto the pole 301 permut-
ting the tube to supply water from the aquaculture assembly
100, throughout the pole assembly 31 and, to the hydroponic
assemblies 200. In some embodiments, as illustrated at least
in FIGS. 13a-13b6 and FI1G. 30, the tube may be connected
to a pumping mechanism that pumps water, from the aqua-
culture assembly 100, into the tube. As such 1n an alternative
embodiment, the access notch 110 may be omitted and the
base plate 107 may further comprise a hole 1n the bottom of
the base plate 107 that aligns with the hole of the an opening
in the bottom of the pole 301 to permait the supply water into
the pole assembly 300.

As 1llustrated 1n FIG. 4, the struts 120 may be several
clongate structures that are configured for bracing the pole
301 after it has been operatively coupled with the base 102
of the tank 101 (e.g., through the pole anchor 108). As
shown 1n the illustrated embodiments, the struts 120 may be
at least partially defined by a first end 121 and a second end
122 that are operatively coupled (e.g., configured to connect
and/or fasten the struts 120) to the pole assembly 300 and the
tank 101. In one specific embodiment, the first end 121 of
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the strut 120 may fasten to at least a portion of the pole cup
305, and the second end 122 may fasten to a ridge 106 of the
tank 101 such that the pole 301 1s stabilized 1n an upright
position and less likely to be deflected out of the generally
vertically orientation. As such the height of the pole cup 305
with respect to the ground (e.g., when installed 1nto the pole
anchor 108) may be equivalent to the height of the tank 101.
Furthermore, the first and second ends of the struts (120aq,
1206, respectively) may comprise grooves and/or other
coupling mechanisms that allow the ends to fasten and
conform to either a hydroponic assembly the pole cups 305,
or a ridge 106 of the tank 101. In some embodiments, the
struts 120 may be positioned such that they are equally
distanced from one another and exert an equivalent force on
both the pole 301 and the tank 101.

The struts 120 may be further defined by at least one or
more indentations 123 (e.g., rails, shelves, cover supports, or
the like), 1n the top surface of the strut 120, for receiving the
tank cover 114. As shown in FIG. 4, 1n one embodiment
where the tank 101 has multiple tank covers 114, the strut
120 may comprise two (2) indentations 123. FIG. 1 further
illustrates where, 1n such an embodiment, at least a portion
of a first tank cover 114 may be positioned adjacent to the
first indentation 123 and a at least a portion of a second tank
cover 114 may be positioned adjacent to the second inden-
tation 123 such that the top surfaces of the tank covers 114
are tlush with the top surface of the strut 120. In another
embodiment where the tank 101 has a single tank cover 114,
the strut 120 may comprise only one (1) indentation 123
configured to receive at least a portion of the tank cover 114
therein. In one embodiment, the length of the strut 120 may
be equivalent to the distance from the ridge of the tank 106
to an edge of the cup 305 on the pole 301. In one embodi-
ment, as 1llustrated in FIG. 1, where the tank 101 1s
cylindrical in shape, the length of the strut 120 may be less
than the radius of the tank 101. In another embodiment, as
illustrated 1n FIG. 8, where the tank 101 1s rectangular 1n
shape, the length of the struts 120 may vary with respect to
the distance between the tank wall and the edge of the cup
305 of the pole 301. For example, the length of two of the
struts 120 (out of the four struts 120 illustrated 1n FIG. 8)
operatively coupled to the rectangular tank 101 with respect
to 1ts width may be sustainably less than the length of two
of the struts 120 applied to the tank with respect to 1ts length.
It should be understood that any type of strut 120 may be
utilized 1n order to help support the pole 301 within the tank
101.

As 1llustrated 1n FIG. 5, the one or more tank covers 114
may be embodied by flat plates that are configured to be
positioned adjacent to the opeming 103 of the tank 101 using,
one or more struts 120 such that the top surface of the tank
covers 114 are flush with the top surface of the struts 120
and/or the opening perimeter 105 of the tank 101. As show
in FIG. 5, 1n one embodiment, the tank covers 114 may
comprise several notches 115 on the corners of each of the
individual tank covers 114 that allow that covers 114 to be
received 1n the indentations 123 within the top surface of the
struts 120. In this configuration, the mner edges of the tank
covers 117 are adjacent to the pole 301, the outer edges of
the tank covers 118 are adjacent to the opening perimeter of
the tank 105, and the side edges 119 are positioned adjacent
to barriers that separate the indentations 123 in the top
surface of the struts 120. In the 1llustrated embodiments, the
area 116 of the tank cover 114 that extends from the notches
115 1s equivalent to the area of the indentation 123 within the
top surface of the struts 120 such that when positioned
adjacent to the top of the strut the tank covers 114 {it securely
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in place. In an embodiment, where the tank 101 1s cylindrical
in shape and comprises several tank covers 114, the tank
covers 114 may be arc shaped such that when positioned at
the opening of the tank 103 the covers 114 conceal a
majority portion of the opening of the tank 103. In one
embodiment, the tank 101 may comprise a single tank cover
114 such that when positioned adjacent to the opening 103
of the tank 101 using the one or more struts 120 the top
surface of the tank covers 114 rest above the top surface of
the struts 120. The tank covers 114 may additionally com-
prise notches located along the outer boundary of the tank
cover 114 and adjacent to the opening perimeter of the tank
1014 that allow for visibility into the tank 101 as well as a
means to easily remove and place the tank cover 114 on top
of the struts 120, feed any organisms living the tank, supply
nutrients to the water, or the like.

FIGS. 9 through 14 illustrate a pole assembly 300 1n
accordance with embodiments of the invention. As 1llus-
trated 1 FIGS. 9 through 14 the pole assembly 300 may
comprise a pole 301 having one or more pole cups 305
arranged about the pole 301 1n a vertical orientation, and a
pole cap 312 or opening 304 located at the top of the pole
301, wherein the pole cap 312 1s at least partially coupled
with the pole 301.

As 1llustrated 1n FIGS. 9 through 14, the pole 301 may be
defined by an elongate conduit that has a pole extension 302
at the top of the pole 301, an access notch 303 located at the
bottom of the pole, and an opening 304 located at the top of
the pole. The access notch 303 may be provided for allowing
the passage of an optional tube into the pole 301 such that
the tube may supply water from the aquaculture assembly
100, throughout the pole 301 and, to the hydropomc assem-
bhes 200. In an embodiment, as illustrated 1n FIG. 7, the
bottom of the pole 301 1s positioned 1n the pole anchor 108
of the base plate 107 such that the base plate access notch
110 and the pole access notch 303 are aligned with one
another and form an opening that extends from the tank
opening 103 to the interior of the pole 301.

The pole extension 302 may be slightly narrower than the
pole 301 such that it can be coupled with a pole cap 312. In
this regard, as 1llustrated i FIG. 1, the pole cap 312 may be
configured to recerve the pole extension 302 in an opening
of the pole cap 312. The pole cap 312 may have a plurality
of exit slots 313 located at the top of the pole cap 312 that
allow the water to exit the interior of the pole and be
distributed to the outside surface of the pole 301, the spouts
400, the hydroponics assemblies 200, back to the pole cups
305, and back down outside surface of the pole 301. To this
extent the size of the openings of the exit slots 313 may
allow the water to tlow at a controlled rate as it exits the pole
301. The pole cap 312 also prevents water from shooting
strait into the air, and may also have channel surfaces 315 to
transition the water to the outside surface of the pole 301.

In an alternative embodiment, as shown 1n FIG. 13A, the
exit slots 317 may be located 1n the pole 301 itself versus
being 1n the pole cap 312. In one embodiment, the exit slots
317 may be a fixed size. However, in other embodiments the
size of the exit slots 317 may be adjusted to smaller
increments, and/or the exit slots 317 may be manually or
automatically opened or closed such the flow of the water
may be regulated with a slider located either inside or
outside the pole 301 or pole cap 312. The pole cap 312 may
be provided to increase or decrease the pressure within the
pole 301 and/or the tube that may run 1nside of the pole 301.
As such, the pole cap 312 may be adjusted to increase or
decrease the tlow of water that 1s allowed to exit the pole 301
(or tube within the pole 301).
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In one embodiment, the pole cap 312 may additionally
have an opening 314 for receiving a fastener (e.g. a screw,
or the like) to secure the pole cap 312 to the pole 301 and/or
the tube. In this regard, both the pole cap 312 and the pole
301 and/or the tube may have an opening 314 that is
internally threaded such that the openings 314 can be
aligned with one another and receive a fastener. In another
embodiment, the pole cap 312 may screw directly onto the
pole 301. To this extent, at least a portion of the pole cap 312
may be internally threaded, and at least a portion of the pole
extension 302 may be externally threaded such that the pole
extension 302 1s configured to receive the pole cap 312. In
yet another embodiment, the pole cap 312 snaps, slides,
clips, or the like onto the pole extension 31 such that 1t 1s
secured 1n place and no additional threading 1s necessary. In
an alternative embodiment, the pole cap 312 may be omitted
from the design and the pole assembly 300 may use an
alternative means for building pressure within the pole 301
and controlling the tlow of water out of the pole 301. For
example, as shown 1n FIG. 13, the top of the pole 301 may
be enclosed versus having an opening, and the pole may

comprise several exit slots 317 to allow water to exit the pole
301.

As further 1llustrated 1n at least FIGS. 9 through 11, the
pole 301 may comprise one or more pole cups 305 that are
arranged along the pole 301 with respect to 1ts vertical axis.
The one or more pole cups 305 may be divided into upper
and lower tiers (306, 307, respectively). The upper tier 306
of the pole cup 305 may be configured for receiving an
overtlow of water as 1t 1s being dispersed from another area
within the system (e.g., a pole cup 303 located above) and
funneling the water to the lower tier 307 of the pole cup
305b. As shown 1n FIGS. 9 through 11, 1n one embodiment,
the lower tier 307 may be narrower than the upper tier 306.
It should be noted that although 1n the 1llustrated embodi-
ments, the pole cups 305 are generally circular in shape, the
pole may be embodied by other shapes not illustrated herein,
including but not limited to, cubed, rectangular, trapezoidal,
and/or organic or ameba shapes. The pole assembly 300 may
additionally comprise a plurality of blades 311 (e.g., also
described as fans, diflusers, diverters, or like) that control
the rate at which the water exits the lower tier of the cup and
flows down the pole to the hydroponic assembly 200,
another cup 305, or to the aquaponics tank 101. In a
preferred embodiment, as illustrated i FIG. 10, the blades
311 may be located between the outer perimeter of the pole
301 and the mner perimeter of the lower tier 307 of the cup
305. The blades 311 may extend outward from the outer
perimeter of the pole 301 until they reach the inner perimeter
of the lower tier 307 of the cup 3035 and upward such that the
blades 311 are angled and/or sloped with respect to the
ground level. The blades 311 may further be angled towards
the direction of the outer surface of the pole 301 to help
direct the water onto the surface of the pole 301. It should
be noted that the blades 311 may be positioned 1n other
configurations not shown 1in the illustrated embodiments
such that the configuration of the blades 311 may vary the
rate of tlow of the water (e.g., slow down or speed up the
flow of water).

In one embodiment, the one or more pole cups 305 may
be permanently coupled to the pole 301, for example formed
integrally with the pole 301 (e.g. molded, plastic welded, or
the like) or permanently secured to the pole 301. The pole
cups 305 may be located at the desired height 1n order to
space apart the pans 201 to grow different types of plants or
other vegetation (e.g., vegetables, herbs, spices, {fruits,
grasses, tlowers, plants, or any other type of editable or
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non-editable vegetation). In another embodiment, as shown
in FIG. 14, the one or more pole cups 305 may be removably
coupled to the pole 301. In an embodiment, where the pole
cups 305 are removable the pole cups 305 may further
comprise a hook and/or clasp mechanism to connect the cup
305 to the pole 301. In one example, a half section of the cup
1s removable by detaching a hook 308 on a first end of the
pole cup 305 from the attachment point 309 located on the
second and/or opposite end of an adjacent pole cup 305. It
should be that, although a hook and/or clasp mechanism 1s
shown 1n the 1llustrated embodiment, other methods may be
used to secure to two halves of the pole cup 305 and pole 301
together including other fasteners (e.g. screws). The pole
cup 305 may further comprise inner bracing 310 to stabilize
the pole cup 305 as 1t 1s attached to the pole 301. Addition-
ally, the pole 301 may be asymmetrically configured such
that 1t 1s defined by a series of curvatures where the “in and
out” orientation of the curves prevents the pole cup 305 from
casily sliding down the pole 301. It should be noted that
although 1n the illustrated embodiments, the pole 1s gener-
ally cylindrical 1n shape, the pole may be embodied by other
shapes not 1illustrated herein, including but not limited to,
cubed, rectangular, trapezoidal, and/or organic or ameba
shapes.

In other embodiments of the invention the pole cup 305
may slide over the pole 301, and a section of the pole cup
305 may be tightened, secured to with a faster, or otherwise
be attached to the pole 301. In still other embodiments, the
diameter of the pole 301 may increase gradually or may
otherwise have different diameters along the pole 301, such
that pole cuts with different diameter holes may be placed
over the top of the pole 301 and located on the pole 301
based on the diameter of the pole 301 and the inner diameter
of the pole cup 305.

FIGS. 15 through 26 illustrate the hydroponic assembly
200 1n accordance with various embodiments of the inven-
tion. As illustrated 1n FIGS. 135 through 26 the hydroponic
assembly 200 comprises one or more grow pans 201,
wherein the grow pans may optionally have a tray 2135
placed within the pan 201.

As 1llustrated 1n FIGS. 15 through 27, the grow pan 201
may be defined by a pan that has a plurality of protrusions
202 extending upward from the base of the pan 201, at least
one channel 2035 having a channel opening 206, at least one
sloped surface 207 1n the base of the pan 2015, one or more
hooks 208, and side rails 209. As shown in the Figures, in
one embodiment, the pan 201 may be further defined by
walls that extend upward from the base of the pan 201. The
pan 201 may comprise an inner wall 212, an outer wall 213,
and two side walls 214a, 214H that collectively form an
opening in the top of the pan.

In one embodiment, the side rails 209 may be located
parallel to the interior of the side walls 214a, 2145 such that
two channels 205q, 2055 are formed. In the illustrated
embodiments, a first channel 2054 1s formed on the left side
of the pan 201, and a second channel 2055 1s formed on the
right side of the pan. However, in other embodiments, the
pan may comprise only one side rail 209 such that only one
channel 205 1s formed. The side rails 209q, 20956 may
comprise an mner edge 210 and an outer edge 211, where the
iner edge 210 1s adjacent to the mner wall 212 of the pan
201, and the side rails 209q, 2095 may extend from the inner
wall 212 of the pan 201 until the outer edge 211 of the side
rail 209 1s adjacent (e.g., within a short distance of) the outer
wall 213 of the pan 201 such that a gap 1s formed between
the outer edge 211 of the side rail 209 and the outer wall 213
of the pan 201. Each channel 203q, 2055 may lead to a
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channel opening 206a, 2065 that 1s formed in the 1nner wall
212 of the pan 201 that opens to external surface of the pole
cup 305 or the external surface of the pole 301.

As such, 1n one embodiment of the invention, as water
flows 1nto the base of the pan 201 the water 1s first directed
to the outer wall 213 because the base 1s sloped towards the
outer wall, flows through the gaps, and back down the one
or more channels 205a, 2055 towards the pole 301 because
the channels 2054, 2055 are sloped towards the pole 301. As

such, the pan 201 provides a means for water to continu-
ously enter the base of the pan 201, flow over the seeds or
roots of the plants or other vegetation towards the outer wall

213, and back towards the mnner wall 212 adjacent the pole
301 through the channels 2035a, 2055.

In one embodiment, upon exiting the pan 201 the water
may flow towards the exterior of the lower tier 307 of a pole
cup 3035 and travel down the exterior of the pole cup 3035 and
subsequently continue to flow down the pole 301. In another
embodiment, the lower tier 307 of a pole cup 305 may
comprise an opening adjacent to the channel opening such

that the water tlows directly into the interior of the lower tier
307 of the pole cup 305 and through the plurality of blades
311 before exiting the pole cup 305. The pan 201 may
additionally comprise at least one sloped surface 207 in the
base 203 of the pan 201 that defines the direction 1in which
the water should flow. For example, as shown 1n the 1llus-
trated embodiments of FIGS. 15-18, the pan may comprise
two sloped surfaces (207a, 2075) that extend into the base
203 of the pan at an angled depth such that it creates an
incline 1n the channels 205a, 2055, where the channels 2054,
2055 slope downward from the outer wall 213 towards the
inner wall 212 of the pan allowing water easily to flow
towards the pole 301. Likewise, 1n some embodiments, a
similar inclination may be created in base 203 of the pan 201
such that the base slopes downward from the inner wall 212
towards the outer wall 213 of the pan allowing water to flow
towards the outer wall 213 of the pan 201 and subsequently
into the at least one channel 2035. In yet another embodiment,
the base may be defined by a flat surface that extends from
the inner wall 212 of the pan 201 to the outer wall 213 of the
pan 201.

In another embodiment, as shown 1n FIG. 22, two chan-
nels (205q, 2055, respectively) may be formed adjacent to
the top edges of the side walls (214a, 214b) of the pan on the
left and right sides versus the 1n the base 203 of the pan,
wherein the channels 205 may be adjacent to the interior of
the side walls 214a, 214b (side rails 209q, 209bH, and
protrusions 202 not 1llustrated) In such an embodlment the
channels 2035a, 2055 may carry the water towards to outer
wall 213 of the pan on each side the water may then over
flow at the end of the channel 205 and enter the base 203 of
the pan, wherein the base 203 of the pan 201 i1s sloped
towards the pole assembly 300 such that the water flows
towards the pole assembly 300 and exits the pan 201 through
an opening 206 in the mner wall of the pan 201. In other
embodiments there may be other types of channels located
within the pan 201 to deliver the water toward a location
adjacent the outer wall 213 of the pan 201 and back towards
the 1nner wall 212 of the pan 201.

In yet another embodiment, as shown 1 FIG. 23, the
water may travel throughout the hydroponic assembly 200
and back to the pole assembly 300 without the use of the one
or more channels 205 in the pan 201. As 1illustrated a first
layer in the pan 201 may direct the water flow to the back
of the pan (e.g., towards the outer wall 213) and a lower
layer 1n the pan 201 may direct the water back to the mner
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wall 212 of the pan 201. The first layer 1n the pan 201 may
also have protrusions 202 (not 1illustrated) as illustrated 1n
FIGS. 15-20, or the like.

In another embodiment, as shown in FIG. 24, one chan-
nels 205 may be formed adjacent to the top edges of a side
walls of the pan 201 on either the left and right sides versus
the 1n the base 203 of the pan, wherein the channel 205 may
be adjacent to the interior of the side walls 214 (side rails
209, and protrusions 202 not 1llustrated). In such an embodi-
ment, the channel 205 may carry the water towards the outer
wall 213 of the pan such that the water over tlows at the end
of the channel 205 and at the interior sides of the channel
205 and enters the base 203 of the pan, wherein the base 203
of the pan 201 1s sloped downward away from the channel
205 and towards the opposite side wall 214 such that the
water flows from the first side wall 214a to the second side
wall 214b and exits the pan 201 through an opening 206 in
the inner wall of the pan 201 that 1s adjacent to the second
side wall 214b.

As shown 1n FIGS. 18a and 1854, in one embodiment, the
pan 201 may comprise extended drip ramps 206¢ that extend
from the channel openings 206 in the inner wall of the pan
201. In such an embodiment, the drip ramps 206c may
extend towards the pole 301 such that water may exit the pan
201 through the openings 206 in the inner wall of the pan
201 and tlow directly towards the pole 301 versus flowing
towards the exterior of the lower tier of the pole cup 207, as
illustrated in FIG. 185. In such an embodiment pan 201 may
be positioned such that a gap exist between the drip ramps
206¢ and the bottom surface of the pole cup 305 allowing
water to freely flow towards the pole 301 without any
restriction.

The plurality of protrusions 202 extending upward from
the base of the pan 201 may be located 1n between the
interior of the side rails 209a, 2095. As shown 1n the Figures,
in one embodiment, at least a portion of the protrusions 202
may be arranged in equally distanced rows that are parallel
to the 1nner and outer walls (212, 213, respectively) of the
pan 201, where the protrusions 202 are configured such that
the roots of a plant are able to at least partially wrap around
the protrusions 202 and anchor the plant during the growing
process, for example when the hydroponic assembly 200
uses a tray 213, as will be described 1n further detail later. In
other embodiments of the invention, other vegetation such
as wheat grass, or other types of similar vegetation may be
grown within the base of the pan 201 between the protru-
s1ons 202. The protrusions 202 may act as locations 1n which
the seeds of various types of vegetation may be placed to
provide support for keeping the seeds in place and not
washing away with the flow of water. The plurality of
protrusions may vary in height and/or width. In one embodi-
ment, the height of any given protrusion 202 does not exceed
above the height of the side rails 209a, 2095.

The pan 201 may comprise one or more hooks 208 that
allow that pan 201 to be connected to a cup 305 on the pole
301. It should be noted that the pan 201 may be connected
to the pole assembly 300 using various coupling mecha-
nisms or methods. As shown in FIG. 18 through FIG. 20, in
one embodiment, the coupling method 1s a hooking mecha-
nism that allows the pan 201 to hook onto the upper tier 306
of the pole cup 305. One or more hooks 208 may extend
from the mner wall 212 of the pan 201 and hook onto the top
edge of the upper tier 306 of the pole cup such that the inner
wall 212 of the pan 201 1s adjacent to the exterior of the pole
cup 305. In this regard, the inner wall 212 of the pan 201
may reflect the shape of the pole cup 305 such that 1t
conforms to the pole cup 3035 and 1s flush with the exterior
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surface of the pole cup 305. For example, the inner wall 212
may have the same shape as the exterior surface of the upper
tier 306 and lower tier 307 of the pole cup 305. It should be
noted that the pans 201 can be moved and spaced 1n a 360
degree orientation around the pole cup 305 and on different
levels of the pole cups 305 to support different types of
plants. For example taller tomato plants may have a pan 201
on a lower cup and no pan located above the tomato plant to
allow the plant to grow, while lettuce may be grown 1n a pan
201 that also has lettuce pans above and below. This
invention allows the mixing and matching of different
configurations to grow any type of vegetation. As such the
hydroponics assemblies 200 may further comprise clips that
can clip onto the pan 201, cup 305, tray 215 or the like 1n
order to support diflerent types of plants. For example a clip
(in some embodiments with a dowel to support the plant)
may be used to support a tomato plant to grow vertically.

Although 1n the illustrated embodiments, a hooking
mechanism 1s used to couple the pan 201 with the pole cup
305, other means of connecting the two structures may be
used 1 conjunction with the present invention. In one
embodiment, as shown i FIG. 21, the pan 201 may be
connected directly to the pole 301 1tself. As such, the pole
may comprise several openings and/or exit slots 317 that are
configured for receiving the hooks 208 of the pan 201 such
that the hooks 208 are at least partially positioned within the
interior of the pole 301. In such an embodiment, the use of
a spout 400 may be omitted from the design 1n order to
transport water from the pole 301 to the pan 201.

In the alternative, the hooks 208 may contain smooth
groove or indentations at the top such that the water tlows
from the exterior of the pole 301 through the grooves within
the hooks 208 and into the base of the pan 201. In other
embodiment the flow of water back down to the tank 101
may occur within the pole 21, such that water 1s flowing
upwardly through the pole 21 1n a first chamber, such as the
tube, and running back down the pole 21 1 a second
chamber, such as between the outside of the tube and the
inside of the pole 21. The hooks 208 may catch the water on
the 1nside of the pole 301 and deliver 1t to the pan 201.

In yet another embodiment, the pan 201 may be connected
to the pole 301 via a spout 400. The spout 400 may be
permanently or removably coupled with the pole 301. As
shown 1n FIGS. 13B and 13C, 1n such an embodiment, the
spout 400 may be embodied by a pole apron having a
plurality of slits therein such that the pan 201 1s positioned
to rest adjacent to the top edge of the pole cup 305 and
wedges underneath a portion of the pole apron such that 1t
1s securely positioned in place. The pan 201 may be addi-
tionally supported by a cantilever. In other embodiments, the
pole apron may have a continuous perimeter wall and
exclude the plurality of slits. In some embodiments, the
wedge may hook into a portion of the pole 301 of the pole
apron 400. In an exemplary embodiment, at least a portion
of the bottom surface of the pan 201 1s flush with the top
edge of the pole cup 303 to provide a means of stability. The
water may then run down the pole 301 and down a top
surface of the pole apron (spout 400), optionally to the
plurality of slits and/or through (in between) the slits, and
into the pan 201. As such the pan 201 may comprise an
extended inner wall 212 that extends beyond the top surface
of the side walls 214, and the outer wall 213, and defines a
wedge that 1s configured to wedge beneath at least a portion
of the pole apron (spout 400) and fasten the pan 201 1n a
secure position. For example the pan 201 may be inserted 1n
the spout 400 at an angle and lock into place using the
wedge. In an exemplary embodiment the extended inner
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wall 212 (and/or wedge) may be V4 inch 1n length. However,
in other embodiment, the length of the extended 1nner wall
212 and the side walls 1n general may vary 1n lengths and/or
widths. In some embodiments, the pan 201 may comprise an
extended inner wall 212 that extends beyond the side walls
214 outward from the pole 1n a dovetail configuration, that
1s configured to horizontally slide into one or more slits
within the pole apron 400. In some embodiments, the system
may comprise an additional reverse spout 400 that 1s con-
nected to either the pole 301 and/or the pan 201 and
configured to direct the flow of water from the pole apron
400 back into a pole cup 305 positioned beneath the pole

apron.
As 1llustrated 1n FIGS. 25 through 27, a grow tray 215

may be utilized along with the pan to grow diflerent types of
vegetation. The grow tray 215 may be defined by a tray that
has a first and second members 216, 217, which are con-
figured to be coupled with one another such that a plurality
of interior tray channels 218 are formed therein. As shown
in the 1llustrations, 1n one embodiment, the tray 215 may be
turther defined by walls that extend upward from the base of
the tray 215. The tray may comprise an mner wall 224, an
outer wall 225, and two side walls 2264, 22654 that collec-
tively form an opening in the top of the tray 215.

The first and second members 216, 217, respectively of
the grow tray 215 may independently have a plurality of
interior channels 218. Each interior channel 218 of the first
member 216 may have a channel edge 219 that 1s configured
to be operatively coupled with a corresponding edge hole
221 of the second member 217. Likewise, each interior
channel 218 of the second member 217 may have a channel
edge 219 that 1s configured to fasten into a corresponding
fasteming hold 221 of the first member 216. The interior
channels 218 may be parallel to one another with respect to
the inner and outer walls (224, 225, respectively) of the tray
215 such that when the first and second members (216, 217,
respectively) are coupled together a plurality of openings
223 i1s formed 1n the base of the tray 2135. The openings 223
may allow water to flow through the base of the tray 215 mto
a pan 201 positioned below the tray 2135. The tray 215 may
additionally have at least one main channel 220, where each
of the main channel 220 may correspond to either the first or
second member 216, 217 of the tray 2135 such that when
water flows 1nto the tray 215 it may either (a) flow directly
through one of the openings 1n the base of the tray, or (b)
flow down the main channel 223 and be dispersed through-
out the interior channels 218. In this regard each interior
channel 218 may have an opening, opposite of the channel
edge 219, which 1s connected to and can receive water from
the main channel 223. Furthermore, the water may overtlow
out of the interior channels 218 and into the openings 223
between the interior channels 218. As explained 1n further
detail later the seeds of various plants may be located within
the channels 223, 218. For example, rocks may be placed in
the channels 223, 218, and the seeds may be placed 1n cotton
balls between the rocks. The water tlows over the seeds and
down 1nto the pan, and when the seeds grow the roots will
reach down 1nto the pan 201 through the openings 223 in the
tray 215. As further illustrated in FIG. 26, the outer wall 225
of the tray 216 may optionally comprise one or more
openings 223a that allow water to exit from the rear of the
tray 216 and enter the pan 201 positioned below. In this way
the openings 2234 in the outer wall 255 of the tray 216 may
prevent water from remaining stagnant within the tray after
it 1s recerved from the pole assembly 300 and flows through-
out the channels 228 within the tray 216.
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As 1llustrated 1n FIG. 19 and FI1G. 20, the shape of the tray
215 after the first and second members 216, 217 have been
coupled with one another may reflect the shape of the pan
201 such that the tray 215 can be placed within the pan 201.

It should be noted that although 1n the 1llustrated embodi- 5
ments, the pans 305 and trays 215 are generally trapezoidal

in shape, the pans 3035 and trays 215 may be embodied by
other shapes not 1llustrated herein, including but not limited

to, cubed, rectangular, cylindrical, and/or organic or ameba
shapes. To this extent, both the pan 305 and the tray 215 may 10
have additional or excluded boundaries (e.g., iner walls,
outer walls, sides walls) than what 1s contemplated herein.
As shown 1in FIG. 13D and FIG. 13E, in some embodiments,
both the pan 201 and the pole 301 may be rectangular and/or
cubed 1n shape such that the pan 201 and the pole 301 15
comprise four (4) side walls wherein at least one side wall

of the pan 201 1s adjacent to at least one side wall of the pole
301. Alternatively, the pan 201 and the tray 215 may be
circular 1n shape such that they comprise a single continuous
perimeter wall. In such an embodiment, the grow pan may 20
receive water from the pole assembly at a first portion of the
perimeter wall, and transfer the water to and/or towards a
second portion of the perimeter wall.

When placed in the pan 201 at least a portion of the base
of the tray 2135 rests adjacent to the side rails 209 of the pan 25
201 such that the side rails 209 support and uphold the tray
215 after it has been placed within the pan. Furthermore, 1n
a preferred embodiment, the length of the tray 215, as
defined by the distance between the tray’s inner wall to 1ts
outer wall 224, 225, is less than the length of the pan 201, 30
as defined by the distance between 1ts inner wall to the pan’s
outer wall 212, 213, such that the tray 215 1s configured to
slide along the side ralls 2094, 2095 back and forth between
the 1nner and outer walls of the pan 213, 214. In this regard,
the first member 216 of the tray 215 may have at least one 35
handle 222 that a user of the aquaponics system may grip to
aid in sliding the tray 215 back and forth within the pan 201.

In one embodiment, as shown 1n the Figures, the at least one
handle 222 may be located at the top edge of the outer wall
225 of the tray 215. When positioned on top of the side rails 40
209a, 20956 towards the front of the pan 201, the inner wall
224 of the tray 215 may be adjacent to the inner wall 212 of
the pan 201. When positioned on top of the side rails 209a,
20956 towards the back of the pan 201, the outer wall 225 of
the tray 215 may be adjacent to the outer wall 213 of the pan 45
201. The tray 215 may additionally be positioned, on top of
the side rails 209, 1n any area between the inner and outer
walls of the pan 201. In one embodiment, the top of the tray
215 may extend beyond the top of the pan 201 after being
placed on the rails 209a, 26b. In another embodiment, the 50
top of the tray 215 may be flush with the top of the pan 201
alter being placed on the side rails 209a, 2095. In still other
embodiments, the tray 215 may not sit within the pan 201,
and instead may be span the opening of the pan 201. As will
be explained 1n further detail later the tray may be moved 55
from a first position near the spout 400 to collect water 1n the
channels 218, 220 or may be moved to a second position so
instead of delivering water to tray 215 the water 1s delivered
to the pan 201 (e.g., when the roots grow from the tray 215
into the pan 201). In yet another embodiment, the tray 215 60
may be positioned within the pan 201 1n a third position such
that the water 1s simultaneously dispensed into both the tray
215 and the pan 201 from the pole assembly. In such an
embodiment the spout 400 may be embodied by a split
configuration such that 1t directs the flow of the water to 65
multiple locations, where a portion of the water 1s dispensed
into the tray 215 and a portion of water 1s simultaneously
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dispensed to the pan 201. Alternatively, in such an embodi-
ment, the tray 215 may be embodied by a split configuration
such that 1t directs the flow of the water to multiple locations,
where a portion of the water 1s dispensed into the tray 215
and tlows throughout the tray 215, and a portion of water 1s
immediately dispensed from the tray 215 to the pan 201,
prior to tlowing throughout the tray 215. In a preferred
embodiment, the tray 2135 1s separable from the pan 201 to
allow the roots to grow 1nto the protrusions 202 of the pan
201. In such an embodiment, the tray 215 may be removed
from 1ts position above the side rails 209 of the pan and
further disassembled such that the first and second members
216, 217 are separated from one another and the tray 1is
removed from the aquaponics system 1 without harming the
roots of the plants.

In one embodiment of the invention the tray 215 1s located
parallel with respect to the ground such that water only flows
out of the tray when the water overtlows the channel 218,
220 walls. In one embodiment, side rails 209a, 2095 1n the
pan 201 may be sloped towards the outer wall 213 of the pan
201 such that when the tray 215 1s positioned on top of the
side rails 209 the tray 215 1s similarly slopped towards the
outer wall 213 of the pan allowing the water to tlow from the
inner wall 224 of the tray 215 to the outer wall 225 of the
tray 2135 and overtlow 1nto the pan 201 below through a gap
that 1s created between the outer wall 225 of the tray 215 and
the outer wall 213 of the pan 201. The gap may allow water
to flow ofl the top of the tray and into the pan 201. The pan
201 may then be sloped towards the pole assembly 300 such
that after the water enters the pan 201 the water flows
towards the pole assembly 300 and exits the pan 201 through
one or more openings 206 in the inner wall of the pan 201.

FIGS. 28 through 30 1llustrate a spout 400 1n accordance
with embodiments of the invention. As illustrated in FIG. 1,
water may be transported from the pole assembly 300 to the
hydroponics assembly 200 using a spout 400. As 1llustrated
in FIGS. 28 through 29, the spout may be defined by a planar
surface 401 that extends upwards from one or more spout
hooks 402. The spout 400 may be hooked onto the pole cup
305 and/or the pan 201, such that the spout 400 at least
partially rest on the edge of the upper tier 306 of the pole cup
305, or the top of the pan hooks 208. As shown 1n FIG. 1,
in one embodiment, the pan may have three (3) hooks 208
that are equally spaced apart such that spaces are formed in
between the pan hooks 208. The spout 400 may then have
two (2) hooks 402 that securely {it within the spaces formed
in between the pan hooks 208 such that the spout 1s coupled
with both the edge of the pole cup 305 and the pan 201 when
the hooks 402 are positioned within these spaces of the pan
hooks 208. The planar surface 401 may then extend
upwardly and inwardly from the inner wall of the pan 212
towards the pole 301 and/or exterior of the pole 301, such
that the water tflows from the pole assembly 300 to the spout
400 and subsequently into the hydroponics system 20. The
top edge of the spout 400 may be adjacent to either the pole
301 and/or exterior of the lower tier 307 of the pole cup 305.
The bottom edge of the spout 400 may be adjacent to the top
of the mner wall of the pan 201. In one embodiment, as
shown 1n the 1illustrations, at least a portion of the sides of
the spout 400 may be elevated such that the elevated portion
concentrates the tlow of water towards the center of the
spout 400. In some embodiments, sides may extend the
length of the spout 400 1n order to prevent or reduce the
amount ol water that tlows over the sides of the spout 400
and never makes 1t to the pans 201. In one embodiment, the
s1izes of the spouts 400 may be varied in order to supply
different amounts of water to the pans 201. In some embodi-
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ments the spouts 400 may cover the circumference of the
pole 301 up to at least V4, V4, Va, U5, 16, 5, YVie, 142, or the
like of the circumierence of the pole 301. It should be
understood that the various spouts 400 may cover any range
of the circumierence of the pole 301 that falls within, outside
of, or overlap any range of circumierences of the pole 301
tor these values. Spouts 400 of different sizes may be added
or removed from the aquaponics system 1 in order to change
the amount of water directed to one or more of the pans 201.

In one embodiment, as shown 1n FIG. 1, spouts 400 may
be used to deliver water to the hydroponics assemblies 200.
In such an embodiment, water may either fill up 1n the pole
301, or may be transported throughout the pole 301 and to
the top of the pole 301 using an optional tube such that the
water flows over the top edge of the pole or through one or
more exit slots 313 1n the pole assembly 300 where 1t 1s
subsequently delivered to the hydroponics assemblies 200
via the spouts 400.

In an alternative embodiment, as shown in FIG. 30,
puncture spouts 400 may be used to deliver water to the
hydroponics assemblies 200. In such an embodiment, the
pole 301 may have a pole cap 312 installed that allows water
to be released back into the tank 101 as pressure builds
within the pole 301. Additionally and/alternatively a spout
400 may be placed directly into the pole 301 such that 1t
penetrates the outer layers of the pole 301 and allows water
to enter 1nto the spout 400 directly from the pole 301. In such
an embodiment, the spout 400 may additionally comprise a
flow rate control value that varies the rate of flow of the
water. For example, the flow rate control valve may be a ball
or gate valve that comprises a hard flap to divert the water
down the spout 400 towards the pan 201. The spout 400 may
then spread water into the pan 201 with a lower portion of
the spout 400 that may be wider or narrower than the rest of
L
C

ne spout 400. In one embodiment, where the spout 400 is
irectly coupled with the pole 301 such that 1t penetrates the
outer layers of the pole 301, the pole 301 may be formed of
a material that has resealable properties such that the pole
reseals itsell after the spout 400 has been removed. In
another embodiment, where the spout 400 1s directly
coupled with the pole 301 such that 1t penetrates the outer
layers of the pole 301, the pole 301 may have a plurality of
pre-punctured holes configured to receive the spout 400 such
that the pre-punctured holes may be covered with a cap
when the spout 400 1s not 1n use. This method may limit
access to the pre-punctured hole when the spout 1s not 1n use
thus restricting the continued flow of water from the pre-
punctured hole.

It should be understood that the size of the aquaponics
system 1 may vary depending on the end use of the aqua-
ponics system 1. As such, 1n one embodiment the aquapon-
ics system 1 may be configured to {it on a countertop 1n a
kitchen, school laboratory, or the like. In other embodi-
ments, the aquaponics system 1 may be sized to fit in
garages, greenhouses, or other like areas for a greater yield
on the production rate of the vegetation. In still other
embodiments of the invention, the aquaponics system 1 may
be si1zed to fit within warehouses 1n which vegetation may be
produced on a production level scale. In all of these systems
different sizes ol an aquaculture system 10 (e.g., tanks 101)
may be utilized with multiple pole assemblies 300 and
multiple hydroponic assemblies 200 on an as needed basis in
order to grow the desired amount of vegetation. For
example, two poles 301 may be stacked on top of each other
in order to extend the height of the aquaponics system 1 for
growing more food. In other embodiments more hydropon-
ics assemblies 200 are added to the pole 301 to grow more
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food. Any number of pole assemblies 300 and/or hydropon-
ics assemblies 200 may be utilized to grow the desired
amount of vegetation (e.g., food).

FIG. 31 illustrates an aquaponics system 1 1n accordance
with one embodiment of the present invention. As 1illus-
trated, 1n some embodiments, the system may comprise a
plurality of pole assemblies 300. In such an embodiment, the
plurality of pole assemblies 300 and hydroponic assemblies
200 may be arranged 1n parallel and series with one another
and connected via main pipelines 316, 317. In contrast to
being directly coupled with a tank 101 of an aquaculture
system 10, the bottom of the one or more pole assemblies
300 may be connected to a mainline pipe 316 that transports
water from an aquaculture system 10 to the pole assemblies
300. For example, water may be pumped from aquaculture
assembly 100 to the main supply pipeline 316, throughout
the pole assemblies 300 to the hydroponic assemblies 200,
return to the main return pipeline 317, and subsequently to
an aquaculture assembly 100 located nearby. In some
embodiments, the main pipeline 316 may be used solely for
structural support of the aquaponics system versus being
used as a means to transport water to the pole assemblies
300. As such 1n that embodiment the flow 1s delivered to the
pole 301 through the use of a tube that runs inside of the
pipeline 317 and also returns to the aquaculture assembly

100 through the pipeline 317.
FIG. 32 illustrates a method 500 of assembling the
aquaponics system 1, 1n accordance with one embodiment of
the invention. As illustrated in FIG. 14a, assembling the
aquaponics system may comprise several steps, including
but not limited to, coupling the pole assembly 300 with the
aquaculture assembly 100 (511), and coupling the hydro-
ponics assembly 200 with the pole assembly 300 (512).
As 1llustrated by block 311, coupling the pole assembly
300 with the aquaculture assembly 100 may comprise
receiving the bottom of the pole 301 within the recess 109
of the pole anchor 108 such that the pole assembly 300
extends upward from the base plate 107 of the tank 101 and
1s positioned 1n an upright orientation. In some embodiments
a tube 1s 1nserted into the pole 301, and secured within the

pole 301 by securing the pole cap 312 to the tube and/or the
pole 301. The access notch 303 in the pole 301 (or a tube
located therein) may be operatively coupled to a pump,
which 1s used to pump water from the tank up through the
pole 301. In some embodiments, the pump 1s located outside
of the tank 101 of the aquaculture assembly 100; however,
in other embodiments the pump 1s submerged within the
tank 101 of the aquaculture assembly 100.

Coupling the pole assembly 300 with the aquaculture
assembly 100 may further comprise stabilizing the pole
assembly 300 within the tank 101. The pole assembly 300
may be stabilized by fastening a first end 121 of the strut 120
to the top edge of the upper tier 306 of a pole cup 305, where
the top edge of the upper tier 306 of the pole cup 305 1s tlush
with the tank opening perimeter 105, and fastening a second
end 122 of the strut 120 to a ridge 106 located on the outer
perimeter of the tank 101. A plurality of struts 120 may be
used to stabilize the pole assembly 300 within the tank 101.
For example, as shown 1n the illustrated embodiments, three
(3) struts 120 are used to stabilize the pole assembly 300
within the tank 101. After the struts 120 have been posi-
tioned in place, the aquaculture assembly 100 may be further
assembled by positioning one or more tank covers 114 at the
opening of the tank 105, where the tank covers 114 may be
at least partially received within one or more indentations
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123 1n the top surface of the struts 120. The pole assembly
may be further assembled by positioning the pole cap 312 at
the top of the pole 301.

As 1llustrated by block 512, coupling the hydroponics
assembly 200 with the pole assembly 300 may comprise
operatively coupling (e.g., attaching, or the like) one or more
grow pans 201 to the pole assembly 300. In one embodi-
ment, the grow pans may be attached to the top edge of the
upper tier 306 of a pole cup 305, where the grow pans 201
are hooked onto the top edge of the upper tier 306 of a pole
cup 3035 using one or more pan hooks 208. Depending on the
type of vegetation being grown, the hydroponics assembly
200 may be further assembled by optionally placing a tray
215 within at least one grow pan 201, such that the tray 215
rests on the side rails 209 of the pan 201. The pan 201 may
be utilized by 1tself to grow some vegetation, such as wheat
grass, or other types of vegetation that require a constant or
almost constant moving water supply. Alternatively, some
seeds require an mitial constant supply of water, and then
require feeing water to only the roots of the vegetation, and
as such the tray 215 may be utilized for this type of
vegetation. Coupling the hydroponics assembly 200 with the
pole assembly 300 may further comprise attaching a spout
400 between each grow pan 201 and pole 301, in order to
supply water to the pans 201 that require water.

FIG. 32 illustrates a method 520 of utilizing the aqua-
ponics system 1, 1n accordance with one embodiment of the
invention. As illustrated 1n FIG. 32, utilizing the aquaponics
system may comprise several steps, including but not lim-
ited to, filling the tank 101 of the aquaculture assembly 100
with water or another aqueous solution (521), placing a
plurality of marine creatures within the tank 101 of the
aquaculture assembly 100 (522), transporting the water from
the tank 101 of the aquaculture assembly 100 to the pole
assembly 300 (523), dispersing the water throughout the
pole assembly 300 (524), recerving the water 1n at least a
portion of the hydroponics assembly 200 via a spout 400
(525), returning the water from the hydroponics assembly
200 to the pole assembly 300 (526), and dispersing the water
from the pole assembly 300 back to the tank 101 of the
aquaculture assembly 100 (527).

In block 3235, transporting the water from the tank 101 of
the aquaculture assembly 100 to the pole assembly 300 may
turther comprise providing a pump within the tank 101 that
pumps water from the tank 101 directly to the pole 301, or
indirectly to the pole 301 using an optional tube at least
partially located within the pole 301 and connected to the
pump. In block 324, dispersing the water throughout the
pole assembly 300 may further comprise dispersing water
from the interior of the pole 301 to the exterior of the pole
assembly 300. In one embodiment, this may comprise the
water exiting the interior of the pole 301 through one or
more exit slots 313 1n the pole cap 312. As pressure builds
in the pole, the water may flow out of one or more exit slots
in erther the pole 301 or the pole cap 312 such that the water
flows out of the exit slots 313 and down the pole 301 onto
a spout 400 or a pole cup 305 below. The water may tlow
down the exterior of the pole assembly 300, where at least
a portion of the water 1s diverted by the spout 400, and
turther dispersed to the hydroponic assemblies 200. To this
extent, 1n block 3525, the hydroponics assemblies 200 may
receive the water from the spout 400 such that the water
flows throughout the pan 201, and optionally the tray 215, of
the hydroponics assemblies 200 and down at least one
channel 206 1n the grow pan 201. The water may then exit
the pan 201 through a channel opening 206 at the end of the
channel and return to the pole assembly 300. Water that 1s
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being 1mitially dispersed from the openings of the pole cap
312 or 1s being returned after circulation throughout the
hydroponics assemblies 200 may then, 1 block 527, be
dispersed back to the tank 101 of the aquaculture assembly
100. Dispersing the water from the pole assembly 300 back
to the tank 101 of the aquaculture assembly 100 may further
comprise controlling the rate of flow of the water as 1t
returns to the tank 101 of the aquaculture assembly 100. This
may be achieved by directing and/or distributing the water
through a plurality of blades 311 located in the lower tier 307
of the pole cups 305 such that the orientation of the blades
311 may alter the rate of tlow of the water. This process may
continuously be repeated to supply the seeds, plants, or other
vegetation with a constant supply of water.

Retferring to FIG. 33, the benefit of aquaponic based
systems 1s the majority of nutrients needed for healthy plant
630 growth are supplied by the fish 602 (or other organism
living in the tank). Additionally, the plants 630 provide a
means ol removing contaminants that would cause mjury to
the fish 602. Thus, the plants 630 and the fish 602 are 1n a
symbiotic relationship to help the other.

One of the major nutrients required for healthy plant
growth 1s Nitrogen. In hydroponic systems, Nitrogen 1is
added on a regular basis in the form of liquid fertilizers.
However, in aquaponic systems, the nitrogen 1s supplied
from fish waste 602 and other organic matter 604. Nitrogen
1s introduced into the system as Ammonia 606 (NH;) and
Ammonium 608 (NH_+). The ratio 610 of Ammonia 606
and Ammonium 608 1n a system 1s dependent on several
factors, but mainly pH. At lower pH levels, the concentration
of Ammonium 608 1s greater than the concentration of
Ammonia 606. At higher pH levels, the concentration of
Ammonia 606 1s higher than the concentration of Ammo-
nium 608. Ammonium 608 1s not necessarily toxic to the fish
602 and plants 630, and high concentrations of Ammonium
608 will have little effect on the plant 630 and fish 602
populations. Ammonia 606, on the other hand, can be toxic
if present in high concentrations. Therefore, controlling pH
In an aquaponic system may be important 1 order to keep
the concentration of Ammonia 614 1n the system at safe
levels for the survival of both the fish 602 and the plants 630.

Even though Ammonmium 608 1s not necessarily toxic to
either fish 602 or plants 630, the plants are not capable of
absorbing the nitrogen from the Ammonium 608 1n a manner
that 1s productive for healthy plant 630 growth. In order to
provide nutrients to the plants 630, the Nitrogen must be
supplied in the form of Nitrates (NO,™) 620. Nitrates 620 are
formed using a process called Nitrification 612 1 which
Ammonia 606 1s transformed into Nitrates 620. Nitrification
612 occurs 1n two steps. The first step, named Ammonia
Oxidation 614, converts Ammonia 606 into Nitrites 620
(NO,7) by the aid of bacteria known as Ammonia Oxidating
Bacteria (AOB) 618.

NH,+0,—=>NO, +3H*+2¢"

In the second step, named Nitrate Conversion 622,
Nitrites 612 are converted into Nitrates (NO;™) 624 by the

ald of bacteria known as Nitrogen Oxidating Bacteria
(NOB) 624.

NO, +H,0—=NO, +2H"+2¢"

The bacternia necessary for Nitrification 612 1s found 1n
nature. In a mature system, both types of bacteria can be
found in healthy populations and the two stages of the
Nitrification process work seamlessly to convert Ammonia
606 into Nitrates 626. However, 1n newer systems, even
though the bacteria are naturally introduced into the system,



US 10,080,336 B2

23

the bacterial introduction rate i1s slow and therefore the
bacterial population 1n the new system will be relatively low.
The bacterial population will increase as the food supply for
the bacteria increases. However, since the bacteria introduc-
tion rate 1s typically slower than the rate at which the
bacterial food 1s introduced 1n the system, Ammonia 606
may not be converted at a suflicient rate to mimmize the
harmiul effects of the Ammomnia 606. High Ammonia 606
levels can be minimized using a feed and bleed method 1n
which system water that 1s high 1n Ammonia 606 concen-
tration 1s replaced by fresh water.

As Ammomnia 606 1s introduced, AOB 618 1s attracted to

the system which starts the conversion of Ammonia 606 to
Nitrites 620. At this point, Ammonia 606 levels will begin to
be regulated by Ammonia Oxidation 614. However, even
though the Ammonia 606 levels may remain 1n check, the
dangers to the fish 602 may increase. As Ammonia 606 1s
toxic to fish, Nitrites 620 provide a further level of danger.
Nitrites 620 displace Oxygen 1n the blood of the fish. In high
concentrations of Nitrites 620, the fish blood 1s incapable of
carrying Oxygen to vital organs and the fish dies. Therefore,
as AOB 618 levels increase 1n a new system, Nitrite 620
levels must be mimimized until a suflicient population of
NOB 624 1s introduced 1nto the system. Nitrite 620 levels
can be minimized using the same feed and bleed method to
mimmize Ammonia 606.

After the system has reached a critical mass of both AOB
618 and NOB 624 types of bacteria, both Ammonia 606 and
Nitrite 620 levels, with the exception of some abnormalities,
will remain regulated. AOB 618 will convert Ammonia 606
into Nitrites 620 and NOB 624 will convert Nitrites 620 into
Nitrates 626. The Nitrates 626 become a supplement for
healthy development of the plant 630, which the plant 630
absorbs through the roots 632 and 1n turn removes the
Nitrates 620 from the system. This method 1s called Assimi-
lation 628. In addition to the bacterial populations present 1n
the system, the Nitrification 612 and Assimilation 628 rates
may vary dependent on several other factors.

One factor that aflects Nitrification 612 1s the concentra-
tion of Ammonia 606 in the system. At Ammoma 606
concentration increases, the Nitrification 612 rate increases.
As was mtroduced above, high concentrations of Ammonia
606 present a harmful environment for both fish and plant
life and must be minimized. Therefore, the harmful eflects
of the Ammoma 606 and the benefits of a high Nitrification
612 rate must be balanced. Also presented above 1s a method
for controlling Ammonia 606 concentrations by controlling
pH 1n the system. By controlling pH, Ammonia may be
converted mto Ammonium 608, and a balance may be
achieved 1n which the harmiul eflects of Ammonia 606 may
be minimized and the Nitrification 612 rate may be maxi-
mized.

Another factor that affects Nitrification 612 rate is the
concentration of Dissolved Oxygen 616 1n the system.
Oxygen 616 1s a necessary element for Ammonia Oxidation
614 to occur and when Oxygen 616 concentration 1s low 1n
the system, Nitrification 612 rate will slow. In Nitrite Con-
version 622, Oxygen 616 1s supplied via a water molecule.
In addition to promoting Nitrification 612, Oxygen 616 is
also a necessary clement for the health of the fish 602
population. Generally 1n aquaponic systems, 1t 1s desirable to
maximize the amount of fish 602 that a system can sustain.
The fish 602 population will compete for Oxygen 616 that
1s necessary for Ammoma Oxidation 614. Oxygen 616 is
naturally introduced into the system through the atmosphere;
however, such introduction rate 1s generally msutlicient to
sustain both a healthy fish 602 population and aid 1n Nitri-
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fication 612. Therefore, as Nitrification 612 occurs, Dis-
solved Oxygen 616 levels 1n the system decrease and results
in 1nsuflicient Oxygen 616 for the fish 602. As a result, the
system will become incapable of sustaining a large fish
population 602. In order to offset the effects of Oxygen 616
being removed from the system, Oxygen 616 must be
introduced into the system using other methods such as
using an air pump with a bubbler or an air stone. Addition-
ally, Oxygen 616 can be introduced 1nto a system by using
a waterfall technique.

In addition to factors that aftect the Nitrification 612 rate,
there are several factors that aflect the Assimilation 628 rate,
which 1s the rate at which a plant absorbs Nitrates 626
through 1its roots 632 and 1n eflect removes the Nitrates 626
from the system. One factor that aflects Assimilation 628 1s
the concentration of Nitrates 626 1n the system. As Nitrate
626 concentration increases, Assimilation 628 rate
increases. Additionally, other factors that affect Assimilation
628 are factors that also affect healthy plant 630 growth such
as the ability of the plant 630 to perform photosynthesis.

In a well regulated system, the Nitrification 612 process
in seamless, the fish 602 population 1s healthy and grow at
a maximized rate, and the plants 630 develop 1n a maxi-
mized rate. Typically, the absence of any one of these factors
1s evidence of an abnormality in the system. One typical
abnormality 1s an unregulated source of Ammonia 606.
Stated above, both fish waste and the decomposition of
organic matter 604 are sources for Ammonia 606 and
Ammonium 608 i1n a system. Typically, Ammonia 606
introduced into the system by the fish 602 population is
isuilicient to cause an abnormality. The abnormality 1is
usually introduced by the decomposition of organic matter
604 such as a dead and decaying fish or other organic matter
such as fish food. Any food not uneaten by the fish 602 sinks
and begins to decompose, releasing Ammonia 606. High
amounts of waste food 1n the system will lead to abnormally
high levels of Ammonia 606 that cannot be regulated
through the Nitrification 612 process. Therefore, feed rates
must be momitored 1n order to prevent unregulated Ammonia
606 levels but at the same time sustain a maximized growth
rate of the fish 602. In cases where Ammonia 606 levels
cannot be controlled, organic matter 604 must be removed
from the system and Ammonia 606 concentration levels
reduced either through pH control or by performing a feed
and bleed on the system.

As stated above, a feed and bleed 1s the replacement of
system water with fresh water. This has the eflect of remov-
ing harmiul items from the system. However, the feed and
bleed also has the eflect of removing beneficial items from
the system such as AOB 618 and NOB 624 types of bacteria.
Therefore, after a feed and bleed on the system 1s performed
and AOB 618 and NOB 624 populations reduced, the rate at
which Nitrification 612 1s performed 1s reduced. As such,
Ammonia 606 levels may increase and subsequent feed and
bleeds will be required. This results in a down spiral in
which the AOB 618 and the NOB 624 populations are
destroyed and Nitrification 612 ceases. Feed and bleed
methods for controlling concentration levels should be mini-
mized and other methods should be employed such as
controlling pH.

The end goal of any aquaponic system 1s to promote the
introduction and sustainability of a critical mass of bacteria
necessary for successiul Nitrification 612 1n the system. This
in turn will lead to a system that 1s well regulated and
provide for maximized plant 630 and fish 602 growth.

Using the aquaponics system 6 1llustrated in the present
invention may increase the growth rate of the vegetation by
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a factor of two over traditional farming techniques and
increase the density of the growth of vegetation within an
area by a factor of five over traditional farming techniques.
In some embodiments, dependent on the type of vegetation
the growth rate and/or the density of the vegetation may be
less or more than these factors.

In some embodiments of the mvention the aquaponics
system of the present invention may be used strictly as a
hydroponics system in which the fish are not utilized within
the tank or the tank 1s substituted with a water supply. The
tank or water supply 1n a hydroponics system may need
nutrients or other plant feed components 1 order for the
plants to properly grow. As such, the tank or the water
supply may be supplemented with additional nutrients or
other plant feed 1n order to grow healthy plants.

In one embodiment, the majority of water in the system 1s
contained 1n the tank. Ammonia 1s introduced into the
system through fish living 1n the tank and the decomposition
of organic material. The water 1n the system contains all
other elements necessary for Nitrification to take place. An
operator analyzed the water on a frequent basis to ensure
healthy levels of pH, Ammonia, Nitrites, and Nitrates. The
operator adjusts pH as necessary using chemical additions to
maintain pH at a healthy level. The operator will also
maintain chemistry to of other elements to keep elemental
concentrations within safe parameters. Bacteria 1n the sys-
tem convert the Ammomia into Nitrites and then into Nitrates
using the Nitrification process. The Nitrification process
does not occur all at once, and therefore, each element of the
Nitrification process may be present 1n the water. Nitrifica-
tion 1s not limited only to the tank but can occur 1n any part
of the system. Water tlows through the system as follows: a
pump moves the water from the tank, up the pole, and
deposits the mixture 1n the trays; the water passes over either
the seeds or the roots of the plants where assimilation
occurs; the water 1s gravity drained back into the tank. As the
plants perform assimilation, the Nitrates are removed from
the system. In addition to removing Nitrates, the plants waill
also remove other elements that are 1n the system.

While certain exemplary embodiments have been
described and shown 1n the accompanying drawings, 1t 1s to
be understood that such embodiments are merely illustrative
of and not restrictive on the broad invention, and that this
invention not be limited to the specific constructions and
arrangements shown and described, since various other
changes, combinations, omissions, modifications and sub-
stitutions, in addition to those set forth in the above para-
graphs, are possible. Those skilled 1n the art will appreciate
that various adaptations, modifications, and combinations of
the just described embodiments can be configured without
departing from the scope and spirit of the mvention. There-
fore, 1t 1s to be understood that, within the scope of the
appended claims, the invention may be practiced other than
as specifically described herein.

Also, 1t will be understood that, where possible, any of the
advantages, features, functions, devices, and/or operational
aspects of any of the embodiments of the present invention
described and/or contemplated herein may be included 1n
any of the other embodiments of the present invention
described and/or contemplated herein, and/or vice versa. In
addition, where possible, any terms expressed in the singular
form herein are meant to also include the plural form and/or
vice versa, unless explicitly stated otherwise. Accordingly,
the terms “a” and/or “an” shall mean “one or more,” even
though the phrase “one or more” 1s also used herein.
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What 1s claimed 1s:

1. A system for growing vegetation, the system compris-
ng:

a pole assembly comprising a pole and two or more
hydroponic assembly coupling locations, wherein at
least two of the two or more hydroponic assembly
coupling locations are located at different vertical loca-
tions spaced apart on the pole, wherein each of the two
or more hydroponic assembly coupling locations com-
prise:

a pole cup operatively coupled to the pole, wherein the
pole cup comprises an upper tier and a lower tier,
wherein both the upper tier and lower tier encircle the
pole, wherein the pole cup has one or more apertures,
and wherein the pole cup 1s configured to receive water
from outside the pole into the upper tier of the pole cup
and directs the water through the lower tier of the pole
cup outside the pole;

a water supply operatively coupled to the pole assembly;

a plurality of hydroponic assemblies, wherein each of the
plurality of hydroponic assemblies comprise:

a grow pan comprising:

a perimeter wall comprising a first wall portion adjacent
the pole and a second wall portion located distal from
the pole; and

two or more channels within the grow pan;

wherein a first channel of the two or more channels
receives the water adjacent the first wall portion and
transiers the water to adjacent the second wall portion;
and

wherein a second channel of the two or more channels
receives the water adjacent the second wall portion and
transiers the water to adjacent the first wall portion;

wherein at least one of the plurality of hydroponic assem-
blies comprises a tray operatively coupled to the grow
pan that 1s configured to support seeds or the vegeta-
tion;

wherein the grow pan of each of the plurality of hydro-
ponic assemblies are configured to be removeably
operatively coupled to the pole cup of any of the two or
more hydroponic assembly coupling locations such that
the grow pan of each of the plurality of hydroponic
assemblies may be located at different hydroponic
assembly coupling locations located vertically on the
pole or around the pole at one of the different hydro-
ponic assembly coupling locations;

wherein the water 1s directed 1nto first grow pans, travels
past the seeds or the vegetation supported in the first
grow pans or one or more trays and thereafter is
directed out of the first grow pans 1nto a first pole cup
outside of the pole, 1s directed through the one or more
pole cup apertures of the first pole cup to second grow
pans, travels past the seeds or the vegetation supported
in the second grow pans and thereatter 1s directed out
of the second grow pans to a second pole cup outside
of the pole; and

wherein flow of the water through the first grow pans, the
second grow pans, the first pole cup, and the second
pole cup occurs outside of the pole and allows the water
to travel around the seeds or the vegetation located 1n
the first grow pans and second grow pans.

2. The system of claim 1, wherein each of the plurality of
hydroponic assemblies have a generally trapezoidal shape to
allow the plurality of hydroponic assemblies to couple
around an entirety of a circumierence of the pole assembly.

3. The system of claim 1, wherein the two or more
hydroponic assembly coupling locations each comprise an
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apron operatively coupled to the pole or the pole cup, and
wherein the plurality of hydroponic assemblies are opera-
tively coupled to the apron or the pole cup.

4. The system of claim 1, wherein the first channel or the
second channel of the grow pan includes a base and has a
plurality of protrusions operatively coupled to the base of
the grow pan and extending upward from the base of the
grow pan, and wherein the plurality of protrusions restrict
movement of the seeds or the vegetation while allowing the
water to travel around the seeds or the vegetation.

5. The system of claim 1, wherein the grow pan further
comprises rails, wherein the tray i1s positioned along the
rails, and wherein the tray 1s configured to slide along the
rails to deliver the water to the tray or the grow pan 1n at least
two positions.

6. The system of claim 1, wherein the first wall portion 1s
an mner wall and the second wall portion 1s an outer wall,
and wherein perimeter wall further comprises side walls
operatively coupled the mner wall and the outer wall.

7. The system of claim 1, wherein the first channel or the
second channel includes a base, and wherein the base of the
grow pan 1s sloped towards or away from the pole assembly.

8. The system of claim 1, wherein the water exits the grow
pan via an opening in the first wall portion of the grow pan.

9. The system of claim 1, further comprising an aquacul-
ture assembly, wherein the aquaculture assembly comprises:

a tank having a pole anchor located therein, wherein the
pole anchor 1s configured to receive a bottom portion of
the pole;

a plurality of struts configured to stabilize the pole within
the tank; and

at least one tank cover positioned at an opening of the
tank.

10. The system of claim 1, further comprising:

one or more spouts, wherein each of the one or more
spouts are configured to deliver the water from the pole
assembly to each of the plurality of hydroponic assem-
blies.

11. The system of claim 1, wherein the pole assembly

turther comprises:

a tube within the pole assembly;

a pole cap operatively coupled to the tube and the pole
assembly and comprising one or more exit slots; and

wherein the water exits the pole assembly via the one or
more exit slots, and wherein the pole cap increases
water pressure within the tube.

12. The system of claim 1, wherein the lower tier is

narrower than the upper tier.

13. The system of claim 1, wherein the upper tier 1s angled
towards the lower tier to allow the water to flow towards the
lower tier.

14. The system of claim 1, further comprising a pump
configured to pump the water throughout the pole assembly.

15. A system for growing vegetation, the system com-
prising;:

a pole assembly comprising a pole and one or more
hydroponic assembly coupling locations, wherein each
of the one or more hydroponic assembly coupling
locations comprise:

a pole cup operatively coupled to the pole, wherein the
pole cup comprises an upper tier and a lower tier,
wherein both the upper tier and lower tier encircle the
pole, wherein the pole cup has one or more apertures,
and wherein the pole cup 1s configured to receive water
from outside the pole into the upper tier of the pole cup
and directs the water through the lower tier of the pole
cup outside the pole;
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a water supply operatively coupled to the pole assembly;

a plurality of hydroponic assemblies, wherein each of the
plurality of hydroponic assemblies comprise:

a grow pan comprising:

a perimeter wall comprising a first wall portion adjacent
the pole and a second wall portion located distal from
the pole; and

two or more channels within the grow pan;

wherein a first channel of the two or more channels
receives the water adjacent the first wall portion and
transiers the water to adjacent the second wall portion;
and

wherein a second channel of the two or more channels
receives the water adjacent the second wall portion and
transiers the water to adjacent the first wall portion;

wherein at least one of the plurality of hydroponic assem-
blies comprises a tray operatively coupled to the grow
pan that 1s configured to support seeds or the vegeta-
tion;

wherein the grow pan of each of the plurality of hydro-
ponic assemblies are configured to be removeably
operatively coupled to the pole cup of any of the one or
more hydroponic assembly coupling locations around
the pole at one of the one or more hydroponic assembly
coupling locations;

wherein the water 1s directed nto the grow pan of the
plurality of hydroponic assemblies, travels past the
seeds or the vegetation supported 1n the grow pan or the
tray ol the plurality of hydroponic assemblies and
thereatter 1s directed out of the grow pan of the plurality
of hydroponic assemblies into the pole cup and through
the one or more pole cup apertures of the of the one or
more hydroponic assembly coupling locations outside
of the pole; and

wherein tlow of the water through the grow pan of the
plurality of hydroponic assemblies and the pole cup of
the of the one or more hydroponic assembly coupling
locations occurs outside of the pole and allows the
water to travel around the seeds or the vegetation
located 1n the grow pan of the plurality of hydroponic
assemblies.

16. The system of claim 15, wherein each of the plurality
of hydroponic assemblies have a generally trapezoidal shape
to allow the plurality of hydroponic assemblies to couple
around an entirety of a circumierence of the pole assembly.

17. The system of claim 15, wherein the first channel or
the second channel of the grow pan includes a base and has
a plurality of protrusions operatively coupled to the base of
the grow pan and extending upward from the base of the
grow pan, and wherein the plurality of protrusions restrict
movement of the seeds or the vegetation while allowing the
water to travel around the seeds or the vegetation.

18. The system of claim 15, wherein the first channel or
second channel includes a base, and wherein the base of the
grow pan 1s sloped towards or away from the pole assembly.

19. The system of claim 15, further comprising an aqua-
culture assembly, wherein the aquaculture assembly com-
Prises:

a tank having a pole anchor located therein, wherein the
pole anchor 1s configured to recerve a bottom portion of
the pole;

a plurality of struts configured to stabilize the pole within
the tank; and

at least one tank cover positioned at an opening of the
tank.
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20. The system of claim 15, wherein the lower tier 1s
narrower than the upper tier, and wherein the upper tier 1s
angled towards the lower tier to allow the water to flow
towards the lower tier.
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